where k is a rate constant and n is a constant which depends on a mechanism controlling kinetics. Values of n and k were calculated by a least squared fitting of X(t)-t data ( Table 1) . The values of the exponent n calculated from the present work were close to 1. It was also reported that the n-value of the a-quartz-coesite transformation is close to 1 at 6 GPa [8] .It was suggested that the n-value is close to 4 at conditions near The X(t) plotted against t is shown in Fig.5 . The X(t)-t data were fitted by the Avrami rate equation and the result showed that the n-value was close to 1. As described above, n = 1 suggests that the growth of the product phase controls the kinetics after saturation of nucleation sites on surface or grain boundary. This situation is consistent with the fact that the growth of coesite grains only from the surface of the a-quartz single crystal is microscopically observed. Microscopic observations showed that nucleation never takes phase on intracrystalline defects. For surface nucleation, the kinetics should depend on the size of the crystal . Indeed, the rate constant k is an order of magnitude smaller than that of powder samples (Fig.5 ). Hamaya and Akimoto [16] also indicated such grain size effect on the kinetics of the olivine-spinel transformation of Ni2SiO4.
When the kinetics is controlled by the growth of the product phase from the saturated nucleation sites on the grain surface, the volume fraction transformed, X(t) , can described as: 
